In this paper, we report a new and strange phenomena, which is encountered in a newly-developed circuit, namely R2L2D circuit. This new phenomena, which we called as the "sweep up/down effect" has been observed when the successive dynamic responses of the circuit have been explored by only adjusting the peak-topeak amplitudes Vpp at a constant feeding frequency, namely f=65 KHz. In one of our recent paper [Kurt, et al, 2014] , this new circuit has been explored for a wide feeding amplitude and frequency regimes, whereas this effect has not been recognized at that time due to the lack of sensitivity. However, the detailed observations prove that the sweep up/down effect governs the identification of the dynamics in terms of periodic and chaotic regimes. Thus it gives a kind of uncertainty region at the threshold of the regimes depending on the feeding voltage increase or decrease. Besides, for a certain system parameter, i.e. Vpp, the chaotic and periodic region co-exists phenomenologically. This effect becomes vital for the synchronization and encryption studies in the sense that the decrease/increase in amplitude certainly yield to regular or chaotic behavior in the output. In addition, the transitions from regular regime to the chaotic one or vice-verse takes place without any period doubling procedure apart from the traditional observations.
INTRODUCTION
Nonlinear electrical circuits are of great interest due to their wide application areas in engineering and natural sciences [1] [2] [3] [4] [5] [6] [7] [8] . While the researchers mainly focus on the encryption, signal masking and synchronization studies, another motivation comes from the understanding of chaos phenomena in this manner [5] [6] [7] [8] [9] [10] [11] [12] .
Following the invention of chaos in the basic electrical circuit RLD by Linsay [12] , the generation of the chaotic behavior in those circuits have been a popular research topic [Kurt, Testa, Chua] . Historically, the first observations of Linsay [12] and Testa [14] on the RLD circuit proved that a certain periodic steady state behavior with the same period as the voltage source occurs as long as the source amplitude V is sufficiently small. However, if a certain feeding amplitude V is adjusted to the input, the actual period of the steady state periodic output doubles. Thus for V values, just above the critical voltage, the output voltage over the resistor indicates a l/2 subharmonic, so called "bifurcation". When V is increased further, an entire sequence of period-doubling bifurcations have been observed such as 1/4, 1/8, 1/16 subharmonics. At the end of certain bifurcations, the previous steady state cannot be observed anymore. In fact, the output signals are chaotic except for some small transient periodic regimes. The odd subharmonics have also been observed for increasing V in this circuit [12, 14] . Azzouz et al carried out a theoretical exploration on the same circuit for the identification of the subharmonic features [16] . They modeled the diode as a varactor diode and observed even and odd subharmonics. They also emphasized the effect of nonlinear diode capacitance rather than the effect of sharp delay [16] . There exists a number of different studies realized with this circuitry in order to shed a light on the route to chaos in terms of the successive bifurcations, which take place just before the chaotic regime [17] [18] [19] [20] . In addition, the ordinary RLD circuit has been considered a good circuitry for the determination of so-called "Feigenbaum parameters", which explains a universal recurrence relation of the trajectories in the bifurcation map [14] [15] [16] [17] [18] . It was proved that the bifurcation map obtained from the RLD circuit exhibits an ideal cycle with the Feigenbaum parameter =4.669.
The RLD circuit has been used for both the determination of bifurcation and the quasi-periodicity [18] [19] [20] . From the point of time series analysis, some remarkable studies on the output voltages of the RLD circuit have been carried out. For instance, one author of this paper used a statistical test to evaluate the nonlinear responses of the RLD circuit by introducing an embedding dimension [21] [22] . Thereby a classification of the output signals was realized in a statistical manner.
Although different orientations of RLD circuits have been studied in the recent years [Kurt iran, 23, 24] , there is not any report on the sweep up/down effect, where the voltage increase/decrease direction (i.e. sweep up/down) affects the dynamic regime. Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Besides, a sudden transition occurs between the chaotic and periodic regimes in the present circuitry.
In one of our recent paper [Kurt et al., 2014] , the dynamic behavior of the forward and reversed biased diode systems (i.e. R2L2D circuit) have been discussed for a wide parametric region (i.e. on the V -f plane) with less sensitive internal. In the same study, a bifurcation analysis based on the manifold theory has also been presented in order to determine the bifurcation characteristics on the route to chaos in R2L2D circuit. In the same paper, the importance of the input signal frequency f and the resistor R is also emphasized for the bifurcation map of the system and a wider chaotic region has been observed in the new circuitry compared to the traditional RLD circuit starting from f=40 KHz, when the appropriate V is adjusted from the input. However the phenomenon reported in the present paper has not been recognized in previous study due to the lack of sufficient sensitivity.
The paper is organized as follows: Section 2 briefly describes the proposed circuit and presents the experimental details for the observation of the observed phenomenon. The main experimental results are discussed in Section 3. Finally the paper ends with a brief conclusion on the main findings.
R2L2D CIRCUIT

Theoretical Background
The proposed R-2L-2D circuit is shown in Fig. 1 . The voltage equality of the circuit can be stated as follows: where V LD denotes the voltage over the inductor and diode. As seen in Fig. 1 ., the diodes are inversely attached to the inductors in each branch. While current I from the main branch is divided into I 1 and I 2 on each branch, the negative and positive alternates of the sinusoidal voltage pass through the branches over the entire period. Therefore,
can be written. Considering Fig.1 and the equations above, one arrives at
Here I 1 and I 2 denote the branch currents and I = I 1 + I 2 is valid. Note that V D1 and V D2 are used for the voltages over the diodes. Strictly speaking they can be written as,
so that the nonlinear behavior of the diodes is important for the dynamics of the circuits [Kurt et al., 2014] . Here a saturation current term I S is also included as a characteristic feature of the diode (i.e. I S = 2.55nA for 1N4007 diode). The dimensionless form of the equation system can be written as,
!"
Here time scaling t' = τt can be considered and τ is determined by the circuit elements characteristics such as τ = L / R. Here, τ represents the natural period of the circuit and it can not be related to the period of applied voltage V. In addition Ω = ω /τ = ω R / L.
Experimental
The experimental setup has been constructed according to Fig. 1 . The resistance and the inductor values are R=1kΩ and L=10mH, respectively. 1N4007 diodes are used in the experiments. The circuit has been driven by a GW Instek AFG-2125 function generator by supplying a sinusoidal feeding with an adjustable frequency f and an amplitude V. For the circuit measurements and phase space observations, a Kenwood DCS-7020 oscilloscope has been used.
In the proposed circuit, the diodes become parallel to each other. Thus, while the current passes through one of the diodes in one direction, the other one does not allow the current. The current always flows through one of the diodes for any f values. This situation causes a finite voltage on R for the entire period of the circuit with the influence of voltage V LD . Besides, the period doubling can also be observed while different V and f values have been applied to the circuit input.
During the parameter scan, a number of period doubling behaviors have been observed as in the ordinary RLD circuit. For this specific observation, the voltage increment step is adjusted to ΔV = 0.001 V and the frequency has been kept constant to some values such as f = 60kHz, f = 65kHz and f = 80kHz to give better sensitivity on the input voltage exploration in the present paper. However the behavior for entire V -f plane can be obtained from Ref. [Kurt et al., 2014] for lower resolution.
RESULTS AND DISCUSSION
Initially, three representative attractors from the periodic, quasiperiodic and chaotic regimes are presented in Figure 2 -4. Figure 2 shows the characteristic periodic attractor having a "sweet package" form. Note that x and y axes are the input voltage V and voltage over R, V R , respectively. This periodic form shows a period two (2P) regime with two trajectories.
When V is increased up to Vpp =6.47 at the same frequency, the attractor in Figure 3 is obtained. This attractor mainly gives a quasi-periodic regime, which appears just before the chaotic one. The trajectories change from the attractor in Figure 2 , substantially. However still some trajectories can be seen clearly as the indicator of the quasi-periodic regime.
A sample chaotic attractor can be shown in Figure 4 . This chaotic regime can be obtained for a moderate voltage and higher f values. Note especially the intense points inside the trajectories, which represents the chaotic output.
After a survey among different dynamical regimes, the sweep up/down phenomenon, which is encountered in this basic circuit can be clarified in detail. Figure 5 shows the sweep up/down effect with both the directions of voltage increase/decrease and the responses of the system.
The diagram shows various attractors at the left and right hand side of the diagram. The left column corresponds to the case where the input voltage V has been gradually increased by high sensitivity via ΔV= 1 mV (i.e. sweep up). On the other hand, the right column corresponds to the case where V has been decreased (i.e. sweep down) in the same manner.
If V is increased from the value such as V=6.500V, the dynamics goes to the chaotic regime as indicated at the lower attractor of the left panel. According to the detailed analyzes, this chaotic regime survives until we arrive at V=7.179. After very small interval, this regime suddenly changes to a regular one as shown in the attractor located at the top of the left panel. As one recognizes clearly from the attractor, chaos is certainly obtained for V = 6.963 V. When V is increased to V = 7.180, a sudden periodic attractor with 2P appears.
Since we arrive at V = 7.250 V, the sweep down case can be adjusted to the circuit just by adjusting lower input voltages. When the voltage is gradually decreased, the periodic attractor still persists till V=6.891 V as seen in the third attractor from the top at the right panel. Note that the types of the attractors are same for V = 7.020 V, V=6.963 V and V = 6.891 V according to the attractors at the top of the right panel and the second one from the top of the right panel. In fact, period 2 (2P) regime continues till V = 6.877 V. The chaotic regime appears suddenly at V =6.878 V.
Considering both sweep up and down cases, the chaotic region comes later from the value which is observed at the sweep up case. In addition, the periodic region appears for lower values (i.e. till V = 6.891 V) at sweep down case compared to the sweep up case, which is observed at V = 7.180. Thus, one can not directly say that the regime for a certain region of input voltages (for instance, V = 6.963 V) is chaotic or periodic. Therefore it is a coexistence point which disables one to identify the real regime. Thereby, the direction of the voltage adjustment plays a significant role to identify the dynamic regime in the system.
Another interesting point is that the circuit indicates a sudden transition between the chaotic and periodic regimes. We believe that this sweep up/down effect and the sudden transition in this circuit may shed a light to understand the strange behavior behind chaos in order to make much efficient synchronized circuits in the future. The input frequency f = 65 kHz.
CONCLUSIONS
A new sweep up/down phenomenon, which has been encountered in a recently developed R2L2D circuit has been reported. While chaotic region is observed till V = 7.17 V in the sweep up case, it appears at lower values than V = 6.88 V in the sweep down case. Thus a certain region (i.e. co-existence region) with ΔV = 0.29 V wide skips between threshold of regular and chaotic regimes. This situation proves that the direction of the voltage adjustment is vital in order to determine the dynamics inside the coexistence region. This sweep up/down effect can be important issue for the synchronization and cryptography studies, where the parametric adjustment is utilized frequently.
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